Background: Appropriate scale validity and internal consistency reliability have recently been documented for the new thyroid-specific quality of life (QoL) patient-reported outcome (PRO) measure for benign thyroid disorders, the ThyPRO. However, before clinical use, clinical validity and test-retest reliability should be evaluated. Aim: To investigate clinical ('known-groups') validity and test-retest reliability of the Danish version of the ThyPRO. Methods: For each of the 13 ThyPRO scales, we defined groups expected to have high versus low scores ('known-groups'). The clinical validity (known-groups validity) was evaluated by whether the ThyPRO scales could detect expected differences in a cross-sectional study of 907 thyroid patients. Test-retest reliability was evaluated by intra-class correlations of two responses to the ThyPRO 2 weeks apart in a subsample of 87 stable patients. Results: On all 13 ThyPRO scales, we found substantial and significant differences between the groups expected to have high versus low scores. Test-retest reliability was above 0.70 (range 0.77-0.89) for all scales, which is usually considered necessary for comparisons among patient groups, but below 0.90, which is the usual threshold for use in individual patients. Conclusion: We found support for the clinical validity of the new thyroid-specific QoL questionnaire, ThyPRO, and evidence of good test-retest reliability. The questionnaire is now ready for use in clinical studies of patients with thyroid diseases.
Introduction
Measurements applying standardized self-reports to capture the impact of health on patients' lives are termed health-related quality of life (HRQL) measurements (1) . They usually conceptualize HRQL as a multidimensional concept encompassing various aspects of physical, mental, and social functioning and well-being. To an increasing extent, the broader, but also more neutral term 'patient-reported outcomes (PROs)' is replacing HRQL. Today, PROs or HRQL measurements are recognized as inevitable and important outcomes in high quality clinical studies. Further, they can provide important documentation for evidence-based patient information and may even be implemented in clinical management of the individual patient, as has been done within, e.g. oncology (2) , where randomized trials have documented significant improvement of patient-clinician interaction, without prolonging consultations, and impact on patient management (3) . HRQL measurements may be either generic, i.e. applicable to any patient group regardless of diagnosis, or specific, i.e. targeted to a specific disease group. Specific HRQL measurements are usually more sensitive than generic, which on the other hand have the advantage of allowing comparisons across dissimilar populations.
Some questionnaires have been developed for specific thyroid diseases (4) (5) (6) (7) (8) (9) (10) (11) (12) . However, a thoroughly validated questionnaire only exists for thyroid-associated ophthalmopathy (TAO) patients (5) (6) (7) . Another TAO questionnaire has been developed, but has not been validated (8) . One questionnaire for patients with hyperthyroidism was developed, but has never been validated (4) . Three questionnaires for hypothyroid patients have been developed (9) (10) (11) (12) , but studies evaluating the validity of these measures are still awaited. Most importantly, no validated, thyroid-specific PRO instrument is available for use across different thyroid diseases (13) . This is a major deficiency, because benign thyroid diseases are characterized by a substantial overlap between various disease entities (e.g. coexistence of goitre and hyperthyroidism) and a shift between diseases (e.g. hyperthyroid patients becoming hypothyroid through ablative therapy). Therefore, optimally an HRQL outcome measure for thyroid patients should encompass all thyroid diseases in order to have content validity (i.e. capture HRQL issues of relevance to the patients). If not, the results of longitudinal studies may be misleading, because important HRQL aspects are not measured at follow-up (e.g. impact of hypothyroidism after ablative therapy).
We have recently developed a quality of life (QoL) questionnaire for patients with benign thyroid diseases, called the ThyPRO (13) (14) (15) , and evaluated important aspects of its measurement properties (16) . In HRQL terminology, the measurement property termed accuracy within biochemical assay methodology (i.e. degree of systematic bias) is called validity and what endocrinologists may refer to as precision (or reproducibility) is termed reliability. In the just mentioned validation study (16) , support for appropriate validity and reliability was found, in terms of a valid scale structure (an important aspect of what is termed construct validity) and very good internal consistency reliability. However, for HRQL measurements, evaluation of accuracy, or validity, is a more complex task than with most other measurement fields, since no gold standard against which other measures can be tested is available. Thus, the validation of an HRQL measure is an iterative process where evidence for or against the validity of a measure is usually gathered by several studies taking different approaches to evaluating validity, one of which is the above mentioned scale validation. Another important way of assessing validity, especially for measures attempted for clinical use, is termed known-groups validity. In this approach, clinically based criteria are used to classify patients into groups with expected high or low scores on a questionnaire and then test whether these expected differences are found in patient samples. Precision, or reliability, can also be evaluated by several techniques. One approach is 'internal consistency reliability' (Cronbach's alpha), which has been used in the initial analyses of the ThyPRO (16) . Another approach is testretest reproducibility where duplicate measurements are obtained by collecting two responses from stable respondents separated by 2-3 weeks (17) .
The purpose of the present study was to investigate accuracy, in terms of clinical/known-groups validity, and precision, in terms of test-retest reliability, of the Danish version of the thyroid-specific QoL questionnaire, the ThyPRO.
Material and methods

Patients and clinical characterization
Patients were recruited from the endocrinological outpatient clinics at two university hospitals in Denmark: Copenhagen University Hospital Rigshospitalet (RH) and Odense University Hospital (OUH). At RH, the sampling strategy was cross-sectional: all thyroid patients born within the first 20 days of each month (to limit running sample size) were invited during February-June 2007 by mail 3 weeks prior to their appointment in the clinic. At OUH, all eligible patients referred to the thyroid unit of the endocrine outpatient clinic during May-November 2007 were recruited. The questionnaire was sent about 3 weeks prior to the appointment in the clinic. Blood samples were drawn the week prior to their appointment, and the participants were instructed to complete the questionnaire at about that time. Questionnaires were either returned by mail or delivered by hand in the laboratory or at the clinic on the day of appointment. Exclusion criteria were absence of any thyroid disorder, thyroid cancer, age !15, and inability to complete a questionnaire due to communication problems (non-Danish speaking, blindness, etc). One reminder was sent after 2 weeks to non-responders, and all participants gave signed informed consent.
Socio-demographic data and information about co-morbidity and non-thyroid medication were selfreported. Laboratory data, diagnostic imaging results, exact diagnosis, previous and current treatment and time of diagnosis among respondents were obtained by chart review. Biochemical thyroid tests were TSH, total thyroxine (T 4 ), total triiodothyronine (T 3 ), free T 4 (FT 4 ), free T 3 (FT 3 ), resin-T 3 test (only OUH), thyroid peroxidase antibodies (TPOAb), thyroglobulin antibodies (only in patients diagnosed with hypothyroidism and negative TPOAb) and TSH receptor antibodies (only in patients with a diagnosis of hyperthyroidism). All analyses were performed using the standard methods at the laboratories of the participating hospitals. In patients with thyroid eye disease TAO, NOSPECS (18) classification was performed by an ophthalmologist and clinical activity scoring (19) was performed by a physician. Thyroid volume was determined by ultrasound, using the ellipsoid method (20) . All examiners were blinded to the ThyPRO results. The patients were classified according to primary diagnosis, i.e. their initial diagnosis, prior to treatment. For example, patients with a non-toxic goitre, who had their thyroid removed and thus have hypothyroidism and receive thyroid hormone replacement, were classified with a diagnosis of non-toxic goitre. Self-completed data were entered using optical scanning. All clinical data were entered via SPSS Data Entry Builder 4.0 (SPSS Inc, Chicago, IL, USA) by medical staff. Data were converted into SAS datasets, and all analyses were performed with SAS 9.1 (SAS Institute, Cary, NC, USA). The project was approved by the local ethical committee (KF01 2006-1579) and the Danish data protection agency and registered at ClinicalTrials.gov (NCT00150033).
Outcome
The ThyPRO questionnaire is self-administered and measures QoL with 13 scales (see Table 1 ), covering physical and mental symptoms, well-being and function as well as impact of thyroid disease on participation (i.e. social and daily life) and overall QoL. It consists of 84 items and, on average, takes 14 min to complete. Each scale ranges 0-100 with increasing scores indicating decreasing QoL (i.e. more symptoms or greater impact of disease) (16) .
Known groups
Groups with expected high and low scores were defined a priori by a panel of four thyroid experts. The criteria used for this classification is outlined in Table 1 . They include clinical data, physician ratings of overall clinical condition, and depression and anxiety status according to Hospital Anxiety and Depression Scale (HADS). The overall physician ratings were obtained at the outpatient visit, where the consulting physician, who was blinded to the ThyPRO results, rated the overall clinical condition of the patient on a five-point scale ranging from 'very bad' to 'excellent', based on all available clinical information, including patient history. Depression or anxiety according to HADS was scored using its standard thresholds: a score !8 on the depression scale indicates absence of depression, and a score above 10 indicates depression, and likewise for the anxiety scale. In addition, we evaluated the correlation between the ThyPRO depressivity and anxiety scales and the HADS depression and anxiety scales respectively using both parametric (Pearson) and non-parametric (Spearman) correlation.
Test-retest data
Since fewer patients were required for test-retest analyses than for the other validation analyses, only patients enrolled at RH during a limited period (midApril to mid-June 2007) were included in the test-retest study. The only difference compared to the main study was the fact that they were asked to complete another questionnaire about 2 weeks after their first response. In addition, they rated any change occurring since the initial response on a seven-point scale ('compared to when you answered the first time, would you say your overall state is much worse/somewhat worse/a little worse/more or less the same/a little better/somewhat Table 1 Description of the expected high versus low score groups used in the known groups comparisons.
Scale
Expected high score group Expected low score group better/much better'). Patients who completed the second questionnaire between 10 and 24 days after the first, and who rated themselves as stable were included in test-retest analyses.
Statistical analyses
Differences in mean scale scores between the expected high versus low level groups were analysed with Student's unpaired t-test, with Satterthwaites correction in case of unequal variances according to the folded F test, using SAS PROC TTEST. Test-retest reliability was evaluated by intra-class correlations between the two measurements (21-24). Correlations were calculated using SAS PROC GLM, and 95% confidence intervals were estimated by empirical bootstrap (25, SV Thorsen and JB Bjorner, unpublished observations).
Results
In total, 907 responses from 1316 eligible patients were obtained, yielding an overall response rate of 69%, as detailed elsewhere (16) . Of these, 195 were included in the test-retest study, 149 (76%) of whom returned a second response. Eighty-seven of the 195 fulfilled the criteria for inclusion in the analyses (Fig. 1) .
Clinical characteristics for the total sample as well as for the test-retest subsample are given in Table 2 .
As seen in Fig. 2 , the expected high level groups had substantially higher mean scores compared with the expected low level groups on all ThyPRO scales.
All differences were statistically significant using unpaired t-tests (P!0.001 for all scales except hypothyroid symptoms and cosmetic complaints, where P!0.05). The correlations between ThyPRO and HADS scales were 0.72 for depressivity/depression and 0.77 for anxiety (P!0.0001 for both), both with parametric and non-parametric methods.
In the test-retest analyses, all intra-class correlations were above 0.70 (Table 3 ) and all but two (anxiety (0.77) and hypothyroid symptoms (0.80)) scales were above the 'almost perfect' concordance (i.e. O0.81) (26) .
Discussion
The purpose of the present study was to investigate clinical known-groups validity and test-retest reliability of the Danish version of the thyroid-specific QoL questionnaire, the ThyPRO. When comparing specified subgroups of patients expected to have high scale scores on each of the 13 QoL scales to subgroups expected to have low scores, we found significant differences on all scales, supporting the clinical validity of the ThyPRO. This is an important and encouraging finding.
The magnitudes of these differences varied: differences on the symptom scales, the cosmetic complaints scale and the impaired social life scale were smaller than the rest. The simple conclusion that these scales are just less sensitive (i.e. are less efficient in detecting differences among groups) can be elaborated by a closer look at the criteria used to define these groups. In fact, the analyses of these scales differed from the rest, in that the criteria defining the high versus low score groups were entirely clinical and biochemical, except for the impaired daily life scale. Criteria for the other scales were based on the consulting clinician's rating of the overall clinical condition or HADS anxiety and depression scores. To better understand these differences, it is useful to consider a theoretical model for health outcomes. Based on the WHO ICF framework (27) and on the conceptual model for health outcomes proposed by Wilson & Cleary (28) , we propose to distinguish four levels of health outcomes: i) biological and physiological variables, ii) symptoms and signs, iii) functioning, i.e. what you can physically do, and iv) participation, i.e. how you function in your social environment. Regarding the symptom scales, the criteria used to define the groups for comparisons relate to biological and physiological variables, whereas the scale scores reflect patients' experiences of symptoms and signs. The same is true for the cosmetic complaints scale. Thus, since the disease group comparisons do not directly concern the same level of health outcomes as the ThyPRO scales, it is reasonable that the associations are fairly small. On the other hand, the overall clinical rating used for evaluating the other scales, except anxiety and depressivity, is likely to be based on symptoms and signs, and functioning, as well as diagnosis and physiological measures. Thus, strong associations for these scales are likely, which is also what we found, except for the impaired social life scale, which reflects participation rather than functioning. Finally, we are likely to see strong associations between ThyPRO scales for anxiety and depression, and other scales assessing the same domains, i.e. HADS.
For all scales, test-retest reliability was above standard thresholds for adequate reliability, indicating that the measures have appropriate reliability for use in clinical studies (29) . Since the test-retest reliabilities found in this study were a little lower than the coefficients found by internal consistency reliability (16) , the test-retest reliabilities may even underestimate true reliability slightly, possibly due to less than perfect clinically stable conditions of the patients in the test interval. In fact, the mean score was indeed a little lower at time of re-evaluation, for all scales. No scale achieved a reliability coefficient above the traditional cut-point of 0.90 required for scales used with individual patients. Since this is the first QoL measure for use in thyroid patients covering the majority of benign thyroid disorders, no previous studies evaluating measurement properties of such measures exist. Regarding individual diagnoses, test-retest reliability and clinical known groups validity have been evaluated (6) for a diseasespecific questionnaire for patients with TAO. Test-retest reliability estimates were comparable to the ones found in the present study. However, their clinical validity analyses did not entirely support the validity of the questionnaire, since some of the expected associations with clinical variables were not found (6) . The interpretations of these lacking associations offered by the authors are analogous to our interpretations regarding the criteria for evaluations of the symptom scales. They suggested that it was due to the fact that the clinical variables defining the groups related to health outcomes (i.e. biological and physiological variables) differed from the health outcomes relating to QoL (i.e. symptoms, functioning and participation). For another TAO questionnaire, no associations with clinical variables were found at all (8) . To our knowledge, no other study has evaluated clinical validity or test-retest reliability of any of the other existing thyroid-specific (i.e. for individual diagnoses) questionnaires (reviewed in (13) ).
Among the strengths of our study is a large sample size, enabling a detailed analysis of each group of benign thyroid disorders with adequate power. Moreover, the patients are clinically well characterized, especially compared to other studies of generic or specific QoL in thyroid patients (13) . The fact that each patient was rated by a physician at about the same time that they completed the questionnaire is an important strength of the clinical validity analyses. This is also true for the availability of a 'stability-measure' for identification of patients to enter the test-retest substudy. Another strength is the fact that we used only few exclusion criteria, ensuring validity of the questionnaire also for subpopulations with e.g. psychiatric co-morbidities, etc. Of course, future descriptive studies evaluating HRQL in thyroid patients may consider excluding these patient groups in order to limit the description to only impairments related to thyroid diseases.
One limitation of the study relates to its design: due to our cross-sectional design, our analyses of clinical validity are limited to cover differences between groups. Ongoing studies are evaluating the ability of the questionnaire to detect relevant changes in patients over time (responsiveness) and the minimal important differences in scores. However, compared to other disease-specific instruments, including those covering other disease areas than thyroid diseases, the ThyPRO is already very well validated. Another limitation relates to the clinician evaluation. Although it is of value that these are available for each individual patient at time of survey completion, the fact that they are also based on patient history implies that they are not entirely external criteria, as are for example thyroid function tests, etc. Still, they do represent evaluations external to the ThyPRO, and clinician evaluations are often used in studies of criterion validity (30, 31) .
Although the patients are clinically well characterized, and a large number of clinical descriptors are available at time of completion, the timing is not perfect; some patients may have had blood samples drawn up to about 3 weeks away from their questionnaire response. However, this would weaken the associations between e.g. thyroid function tests and HRQL data, but we still find positive associations despite such hypothetical bias.
Information from clinical known-groups studies, responsiveness studies and item response theory analyses could be utilized in an attempt to develop shorter versions of the ThyPRO by identifying the best performing items to be included in such abbreviated outcome measures. Ongoing studies are ensuring crosscultural validity of this measure in seven languages, including English, and versions in further languages are being planned.
We recommend the use of the ThyPRO measure in studies evaluating important clinical questions regarding therapy of thyroid patients, such as whether patients with mild thyroid disease benefit from treatment (32) and whether block replacement therapy with antithyroid drugs and levothyroxine is associated with a better QoL in patients with hyperthyroidism than monotherapy with antithyroid drugs (33) .
In conclusion, all scales of the ThyPRO detected clinically relevant differences among thyroid patients, and the ThyPRO was found to have adequate test-retest reliability.
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